Historical aspects
The first case of a genuine chronic compartment syndrome was documented by Mavor In the same volume of the journal, an editorial by Griffiths 
Definition
In the broadest and simplest terms a chronic compartment syndrome is defined as a condition of pain on exercise that is relieved by rest. Over months the symptoms become worse with progressively earlier onset. However, this definition could cover several other conditions. Hence the need for measurements of intracompartmental pressure.
Anatomy Some 95% of chronic compartment syndromes occur in the lower leg. This is due to its particular anatomy and that intensive exercise of the lower leg is part of virtually all sports. The remaining 5% are distributed between the forearm,202' thigh,222' hands,'4 and, very rarely, feet. 25 26 What follows, therefore, will be limited to the lower leg.
It is a generally accepted view that there are four compartments in the lower leg; an anterior, deep posterior, lateral, and superficial posterior. Chronic compartment syndromes have been diagnosed in all four, but it is predominantly the anterior and deep posterior compartments that are most often involved. This is not a universally held belief. Davey et a!" suggested that the tibialis posterior muscle constitutes a separate compartment making a total of five compartments altogether. Detmer et a!'8 has taken this even further, stating that each muscle should be regarded individually. They also describe seven functional compartments: in addition to the anterior and lateral compartments, the deep posterior should be divided into proximal and distal, and the superficial posterior should be subdivided into distal, lateral, and medial. No work has been done to confirm that these are discrete pressure units. These additional subdivisions may be relevant for correct surgical decompression.
Clinical aspects
Many chronic compartment syndromes can be diagnosed by history alone. The patient complains ofpain on exercise that is relieved by rest and has progressively worsened over a period of months. The pain may be localised to a specific compartment or described as a general ache. There may be distal neurological signs of paraesthesia in the foot. There are, however, several other conditions which may mimic these symptoms-for example, popliteal entrapment syndrome, medial tibial syndrome, or stress fracture. Most of these may be eliminated by other signs or routine investigations. Medial tibial syndrome always has associated inner border tibial tenderness; stress fractures can usually be confirmed by plain radiographs Barnes Other authors have used different concepts.
Puranen and Alavaikko" adopted a mean value of 50 mm Hg during running and this figure was also used by Allen and Barnes.21 McDermott et al 30 used a similar exercise protocol but adopted a higher threshold pressure of 85 mm Hg. In addition they state that postexercise recordings are so variable that they should not be used for diagnosis. We agree with this statement, having found that the pressure drops immediately on the cessation of exercise. We think that a slow decline in postexercise pressure is more likely to be a blocked catheter rather than a finding of pathological relevance. The justification for using pressures recorded during exercise is that this is when the symptoms occur-the pain goes when the exercise stops.
During exercise, as the muscles contract and relax, a pulsatile pressure waveform is generated, with the maximum pressure corresponding to the contraction and the minimum pressure occurring during relaxation. Styf et al" 55 56 considered the muscle relaxation pressure to be a more appropriate method of diagnosis than mean exercise pressure. This is based on the idea that if the exercise pressure drops below 30 mm Hg during the relaxation phase of exercise the muscle can still be adequately perfused. Styf et al also found a good correlation between muscle relaxation pressure and postexercise fall, and dismissed mean exercise pressures as being unreliable, having found no significant differences between legs with and without compartment syndrome. This is explained by the effect of muscle contraction force on pressure.
The clinical relevance of pressures measured during exercise has been criticised on several grounds: the value being dependent on depth of catheter insertion and the strength of muscle contractions. Hargens et al'7 found strong correlations between the pressure and the depth into the muscle and percentage maximum voluntary contraction (MVC). Higher pressures were recorded at greater depth and higher %MVC. This finding has been confirmed by Abramowitz and Schepsis.3 However, this work was done in the vastis medialis of the thigh which is anatomically very different from the muscles in the lower leg compartments. In addition it is possible to avoid these criticisms by inserting the catheters to a fixed depth and adopting a quantified exercise protocol.
Some have used the pre-exercise resting pressure for diagnosis ( The real incidence of chronic compartment syndromes in the population at large is unknown. This is because it is a self limiting condition, the pain occurs during exercise and goes with rest. Many potential patients will simply give up their activity rather than seek medical treatment. This attitude may unfortunately be adopted by some members of the medical profession who recommend that "if it hurts don't do it". Only a small percentage of potential patients may ever progress to reach a definitive diagnosis.
Many patients can trace the earliest symptoms back to an increase in or a change of activity. Reducing activity back to previous levels often prevents the pain, and some patients consider this to be the best option.
There is one potential danger with this method of treatment. There is a small amount of evidence to suggest that a chronic compartment syndrome may, under certain circumstances (excessive overuse), become acute and therefore potentially limb threatening. This can only be inferred from the very few cases of exercise induced acute compartment syndromes which sometimes list chronic symptoms in the history.7"3263 There is no direct evidence.
CONSERVATIVE MEASURES Preventive
It is widely believed, although there can be no real objective scientific evidence, that inappropriate training may be a major contributing factor to the development of a chronic compartment syndrome. Such factors as incorrect or worn out footwear, running on hard surfaces, and changing or increasing activity have all been suggested as possible causes. There is also the suggestion that chronic compartment syndrome may be caused by biomechanical abnormalities64 and in particular excessive pronation. If this is the case then correcting the gait by the use of orthotics should prevent the symptoms. As yet this theory and the effectiveness of orthotics have neither been proved nor disproved.
Curative As well as restricting activity to within comfortable limits, total rest has also been suggested as a treatment. It is our experience that rest has no effect at all on genuine cases. Even when patients do nothing more strenuous than everyday walking for several months, the symptoms return within days of recommencing to run. This contradicts the theory that muscle hypertrophy is a contributing factor, as muscle will waste very quickly with this level of inactivity.
Many other conservative treatments have been tried. Anti-inflammatory drugs, pain killers, ice, heat, ultrasound, physiotherapy, and steroid injections have all been used at some stage. Most of these treatments are effective at alleviating the symptoms to a degree, but they do not cure the underlying problem. In the series of 80 patients described by Styf and Korner56 all had tried a range of conservative measures, including diuretics, without success.
Martens et alP treated nine patients conservatively with prolonged rest, physiotherapy, antiinflammatory drugs, and stretching exercise of the flexor muscles, but this could not be considered successful as all the patients had to reduce their sports activity to some extent. There is some speculation concerning the possible detrimental effects of surgery. As has already been mentioned there are concerns about excessive surgical dissection causing muscle weakness. Garfin et al68 found that muscle force decreased with fasciotomy, which may be a problem for athletes. This work was carried out on dogs so it only shows an immediate effect; there was no long term follow up.
No measurements have been done to see if this is a genuine long term problem. A more recent study69 has shown that preoperatively patients with compartment syndrome have weaker muscles than normal subjects. Our current research shows that patients with chronic compartment syndrome have greater power but less endurance than normal subjects. It is widely thought that fasciotomy is successful because it increases the size of the compartment, thereby increasing the volume and reducing the pressure generated by exercise. However, if the cause of increased pressure is stronger muscle contractions, then perhaps the effect of fasciotomy is to reduce the power of the contractions and thus to reduce the pressure. This theory correlates with the work of Hargens et al,57 who found that intracompartmental pressure was related to muscle contraction force. REPEAT 
SURGERY
As mentioned earlier there have been some failures of surgery. Many of these have then been successfully treated by a second more extensive operation. It is important to distinguish between patients who have never had relief of symptoms and those who have had a recurrence months or even years later. Bell50 had five patients who still had symptoms and elevated pressures after fasciotomy. These were successfully treated by fasciectomy. In the series of Detmer et a!'8 of 100 patients undergoing surgery, five had had a recurrence of symptoms within two months. All five were then cured by a second operation. We have found a small but important group of patients who were free of symptoms for several years before the symptoms returned. These patients have also responded well to a second operation, but it is difficult to explain why the symptoms returned. This may cast doubt on the long term effects of fasciotomy. No comprehensive long term follow up studies have yet been done.
Conclusion
Chronic compartment syndrome of the lower leg is a relatively common sports injury. It is usually easy to confirm the diagnosis from history alone, but in more difficult cases, intracompartmental pressure measurement is required. The treatment of choice is fasciotomy, which has a very high success rate. Despite the abundance of literature on the subject over the past 40 years, there are still several areas of disagreement, principally that of an exact diagnostic pressure value. This may become clearer as more work is done to establish the underlying cause.
